Diverse capacities for the adaptive response to DNA alkylation in Bacillus species and strains.
Our previous studies of Bacillus subtilis showed that the genes responsible for the adaptive response to DNA alkylation were organized as a divergent regulon, in contrast to scattered operons in Escherichia coli ada regulon. To study the generality and diversity of gene organization, several species and strains of Bacillus were examined for the responsiveness to DNA alkylation. B. cereus cells exhibited the highest resistance to MNNG treatment. When the cells were grown in the presence of MNNG, 3-methyladenine DNA glycosylase and two species of DNA methyltransferase were induced as in B. subtilis 168 cells. B. licheniformis 749 and B. amyloliquefaciens H cells exhibited a partial response that manifested itself as the induction of one species of DNA methyltransferase. On the other hand, B. thuringiensis var. Tohokuensis, B. megaterium KMT, and B. subtilis W23 cells were totally deficient in this response, and were hypersensitive to alkylating agents. To determine the cause of this deficiency in strain W23, we examined the genomic structure of the corresponding region where three genes (alkA, adaA, and adaB) were located in 168. No homologues for the three genes were detected in W23 DNA by Southern hybridization. Two genes (glmS and ndhF) flanking the adaptive response regulon in 168 were also present in W23. A sequence of about 2750 bp that carried the entire regulon in 168 was replaced with a sequence of about 250 bp that was unique to W23. At the ends of the conserved segments, palindromic sequences corresponding to the transcriptional termination sites of the adaB and glmS genes were observed. The regulon in 168 could be artificially replaced by the W23 sequence, and be regained through DNA-mediated transformation.